treat, and usually it needs parent artery occlusion. Occlusion of the parent artery can be done with an endovascular procedure or by surgery. If the patient cannot tolerate occlusion of the parent artery, then an extracranial -intracranial artery bypass has to be considered 1 . In a vertebral artery aneurysm, the bypass surgery is difficult. Another choice is to perform 'flow re-direction," to avoid the flow in an aneurysm but still fill important branches or perforators 2 . A bare stent has been used to facilitate coiling in a wide neck aneurysm, large aneurysm, or giant aneurysm and to protect patency of the parent artery [3] [4] [5] .
We report the application of bare stents in the treatment of fusiform intracranial aneurysm without coiling.
Patients and Results
We report the treatment of three consecutive intracranial aneurysm patients with a bare stent.
The first patient is a 41-year-old female patient with hypertension. She had sudden onset of explosive headache, right side hemiplegia and left face numbness, compatible with right lateral medullary syndrome. MRI showed acute infarct in the right lateral medulla. MRA showed an aneurysm. Vertebral angiogram showed a fusiform that was 5.7 mm in diameter dissecting the aneurysm in the distal right vertebral artery ( Figure 1 ). She was referred to us for intravascular intervention five months after the previous episode. The patient refused to undertake right
Summary
Typical treatment of intracranial aneurysm includes: surgical clipping, intrasacular packing, and parent artery occlusion. The treatment of a fusiform aneurysm is often parent artery occlusion, and keeping patency of the parent artery is difficult. We report our experience in the treatment of 3 cases of intracranial fusiform aneurysm with stent placement inside the parent artery only, without coil packing of the aneurysm lumen. All 3 patients had a non-hemorrhagic dissecting aneurysm in the vertebral artery. They were treated with 2 Helistents, 3 Neuroform stents, and 2 Neuroform stents, respectively. These aneurysms disappeared after treatment at their follow-up angiograms. Treatment with a bare stent may induce obliteration or reduction in the size of some aneurysms. This technique is useful in the treatment of non-hemorrhagic fusiform-shaped aneurysms or non-hemorrhagic dissecting aneurysms to preserve the patency of these parent arteries.
Introduction
Typical treatment of an intracranial aneurysm includes surgical clipping, wrapping, ligation of the parent artery, intraluminal coiling, and trapping of the parent artery with the aneurysm.
A fusiform dissecting aneurysm is difficult to vertebral artery trapping. There was slight narrowing in the parent artery immediate and distal to the aneurysm. Two overlapping stents (balloon-expandable, Helistents: 2.5 mm x 13 mm and 2.5 mm x 16 mm) were placed in the arterial segment. A vertebral angiogram performed seven months and a CT angiogram performed three years and four months after intravascular intervention showed disappearance of the aneurysm and patency of the right vertebral artery. No subarachnoid hemorrhage was found during the clinical follow-up of 4.5 years. The second patient is a 62-year-old male. He presented with headache twice in one month with no consciousness loss or neurological deficit. MRI showed an aneurysm. An angiogram showed a fusiform aneurysm about 8 mm in diameter and 14 mm in length at the dominant left distal vertebral artery, about 2 mm distal to the origin of the left posterior inferior cerebellar artery ( Figure 2 ). We were consulted to treat this patient three months after the angiogram was taken. Three Neuroform stents (two stents of 4.5 mm x 20 mm, and one stent of 4.5 mm x 15 mm) were placed in the left distal vertebral artery to treat the aneurysm. To preserve the posterior inferior cerebellar artery, we managed to cover this artery with only one layer of stent. A follow-up angiogram three months and a CT angiogram 17 months after intervention showed disappearance of the aneurysm. Clinical follow-up 17 months after the intervention showed no subarachnoid hemorrhage.
The third patient is a 54-year-old female with two recurrent episodes of severe headache after swimming. MRI a half-month after the second episode showed suspected vertebral artery dissection. A vertebral angiogram one month after the previous episode showed a focal dissecting aneurysm in the distal left vertebral artery, with involvement of the origin of the posterior inferior cerebellar artery. Intravascular intervention was performed 35 days after the last episode by placement of two overlapping Neuroform stents (3 mm x 20 mm and 2.5 mm x 20 mm) inside the distal left vertebral artery. An angiogram 12 months after treatment showed small caliber and a smooth border of the artery previously affected with aneurysm. Clinical follow-up 12 months after the procedure showed no recurrent headache or evidence of subarachnoid hemorrhage.
Discussion

Mechanism of the bare stent
The effect and impact of bare stent placement in an aneurysm orifice has been studied in a canine model in vitro 6 . Stents can change the blood flow pattern in an aneurysm sac, disrupt the flow pattern, increase flow stagnancy, reduce inflow momentum, and reduce the impact zone under high flow 6 . Mechanical study has shown reduction of flow movement inside the aneurysm sac to less than 5% by the placement of a stent across the aneurysm neck 7 . Stent placement on the aneurysm neck will increase the chance of a blood clot formation in the aneurysm sac and also reduce the chance of growth and rupture of the aneurysm. After placement of the stent, the thrombus in the luminal surface of the stent will be covered by a layer of neointima 8 . The incidence of intimal thickening detected on angiogram at six months follow-up after placement of single layer of a Neuroform stent was found to be 18.8% 9 .
What kind of stent to use Brassel et al. cured a true fusiform aneurysm involving the P1 segment with a single balloonexpanding stent 10 . Fiorella et Al treated 10 small intradural pseudoaneurysms associated with subarachnoid hemorrhage using Neuroform stent placement as monotherapy 11 . These cases were not amenable to coil placement. Complete or near complete resolution was observed in nine cases. Therefore, both balloonexpanding and self-extending stents can be used. In selecting the type of stent to use, we have to consider stent flexibility, available size of the stent, and the stability of the stent after implantation. Slight stenosis proximal or distal to the aneurysm may increase a balloon-expanding stents' stability and help it to avoid migration distally or into the aneurysm. In this report, we used a balloon-expanding stent in the first case because of the presence of stenosis proximal and distal to the aneurysm.
How many layers of bare stent are needed
A single layer of stent placed inside the arterial segment with aneurysm may or may not be effective to close an aneurysm. The overlapping stent technique / stent-in-a-stent technique has been described to reduce the porosity of the stent wall and decrease flow to the aneurysm sac, and thus enhance rapid thrombosis and neointimal formation 12 . This will thereby prevent re-bleeding from the aneurysm. Because of individual variability, we do not know how many layers of stent are ideal. One of our cases used three layers of Neuroform stent.
Patency of perforating arteries
From animal studies, it has been shown that the stent will maintain patency of the parent artery, produce blood stasis between the stent and the vessel wall, but without obstructing the perforating artery 13, 14 . Histologic study showed the presence of fibrotic reactive scar tissue in the space between the stent and the vessel wall. If multiple layers of bare stent are to be used, 
Indications of stent-only treatment
Vanninen et Al. reported stent-only treatment in 12 cases of true saccular aneurysm, with only 3 cured 15, 16 . Therefore, stent-only treatment is not an ideal treatment for true saccular aneurysm. The bare stent cannot achieve immediate obliteration of the aneurysm and therefore, is not an ideal treatment for a ruptured aneurysm.
The imaging studies did not show any subarachnoid hemorrhage in these patients, although it is suspected that in their past clinical history, they experienced a subarachnoid hemorrhage. We choose to use stent-only treatment because the patients were asymptomatic for some time when we were consulted for intravascular intervention.
Covered stents
Covered stents can obliterate the lumen immediately to prevent recurrent hemorrhage. The disadvantages of covered stents are relative rigidity for intracranial use and possible obliteration of perforator branches. However, covered stents have been successfully applied in a ruptured fusiform dissecting aneurysm 17, and a giant aneurysm in the middle cerebral artery 18. These stents were deployed after confirmation that no perforating artery was blocked by the placement of the stents.
Conclusions
Stent-only treatment without coiling can be used in a non-hemorrhagic intracranial fusiform aneurysm.
